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Effects of acute, angiotensin-induced hypertension on intrarenal arter-
ies in the rat. A perfusion-fixation and vascular casting technique was
used to assess the effects of acute, angiotensin-induced hypertension on
the intrarenal arteries and, for comparison, the small arteries of the
intestine. The first objective was to establish that the technique
accurately preserves postmortem the vascular changes induced by
acute hypertension. To do this, the easily accessible intestinal arteries
were examined and photographed both in vivo and after fixation and
injection of Batson's no. 17 casting resin in a group of angiotensin-
treated rats and controls. The second objective was to apply the
technique to observe and compare acute hypertensive changes in the
intrarenal and intestinal arteries; studies included scanning electron
microscopy of vascular casts and transmission electron microscopy of
vessel walls using ferritin as a tracer to assess permeability. In the
angiotensin-treated rats, casts of both intrarenal and intestinal arteries
showed many well-defined zones of constriction and nonconstriction.
Transmission electron microscopy of both the smaller intrarenal (inter-
lobular) arteries and intestinal vessels revealed focal smooth muscle
rarefaction and abnormal permeability to ferritin, found only in the
nonconstricted zones. This study provides new evidence that in the
kidney, as in the intestine, acute hypertension produces a characteristic
pattern of arterial constriction and nonconstriction, and that hyperten-
sive vascular lesions with accompanying increased permeability occur
exclusively in the nonconstricted zones.
Les effets d'une hypertension aigue, induite par l'angiotensine sur les
artères intrarénales du rat. Une technique de perfusion-fixation et de
moulage vasculaire a été utilisée pour préciser les effets d'une hyperten-
sion aiguë par l'angiotensine, sur les artères intrarénales, et par
comparaison, sur les petites artères de l'intestin. Le premier objectif a
été d'établir que Ia technique preserve finement aprés la mort les
modifications vasculaires induites par l'hypertension aigue. Pour cela,
les artères intestinales facilement accessibles Ont eté examinées et
photographiees in vivo et apres fixation et injection de résine de
moulage Batson's no. 17 dans un groupe de rats traitds par de
l'angiotensine et chez des contrôles. Le second objectif a été d'appli-
quer La technique pour observer et comparer les modifications hyper-
tensives aigues dans les artères intrarénales et intestinales; les etudes
comprenaient une microscopie electronique a balayage de moules
vasculaires, et une microscopie électronique par transmission de parois
vasculaires en utilisant de Ia ferritine comme traceur pour mesurer la
permeabilitd. Chez les rats traités par l'angiotensine, les moules des
artères intrarénales et intestinales indiquaient de riombreuses zones
bien définies de constriction et de nonconstriction. La microscopie
electronique per transmission de plus petites artères intrarénales (inter-
lobulaires) et de vaisseaux intestinaux a révéld une raréfaction focale du
muscle lisse, et une perméabilitC anormale a Ia ferritine, trouvée
seulement dans les zones nonconstrictées. Cette étude apporte une
preuve nouvelle que dans le rein, comme dans l'intestin, l'hypertension
aiguë entraine des aspects caracteristiques de constriction et de non-
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constriction artérielle, et que les lesions vasculaires hypertensives
associCes a une permCabilitC accrue se produisent exclusivement dans
les zones non constrictées.
Most information on the reaction of small arteries to acute
hypertension is derived from studies on small intestinal and
mesenteric vessels. In response to angiotensin-induced hyper-
tension, the intestinal arteries develop alternating zones of
constriction and nonconstriction; moreover the nonconstricted
zones, but not the constricted regions, become unduly perme-
able and manifest signs of medial smooth muscle injury [1—6]. In
contrast, little is known of the reaction of small intrarenal
arteries to acute hypertension, and it is not clear whether or not
they undergo changes similar to those reported in the intestinal
arteries.
The present study was designed to assess and compare the
effects of acute hypertension on the intrarenal and intestinal
arteries, using the technique of perfusion-fixation and vascular
casting. The objectives were twofold. First, the intent was to
establish the validity of the technique by showing that it
provides postmortem an accurate representation of the status of
vessels during life. To accomplish this, the easily accessible
intestinal arteries were observed and photographed in vivo and
compared with the appearance after fixation. Second, the aim
was to use this technique, combined with scanning electron
microscopy of the casts and transmission electron microscopy
and permeability studies on the vessel walls, to examine the
intrarenal arteries and compare them with those from the
intestine.
Methods
Establishing the validity of the fixation and casting technique
Ten male Wistar rats weighing 200 to 220 g were used; five
received angiotensin infusions and five did not. All rats were
anesthetized with sodium pentobarbital, 40 mg/kg body wt i.p.
Direct arterial pressure was recorded continuously on a physio-
graph (Gould 2200, Gould Inc., Instruments Division, Cleve-
land, Ohio) with a pressure transducer (Statham, Gould Inc.,
Statham Instruments Division, Oxnard, California) connected
to a PE-20 catheter inserted in the right carotid artery.
A transverse incision was made in the lower abdominal wall
of the rats, leaving the intestine and upper abdominal contents
undisturbed. A PE-100 catheter was inserted in the distal
abdominal aorta in a retrograde direction and tied into place in
preparation for perfusion-fixation. An abdominal 'window"
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was then created by incising the upper abdominal wall and
covering the intestine with a thin piece of clear acrylic. In five
rats, angiotensin II (Hypertensin, Ciba) was infused into the left
jugular vein at a rate of 0.2 p.g (0.006 ml)/min for 10 mm using a
Sage pump. (The angiotensin was dissolved in normal saline,
0.33 g/ml.) As controls, five rats were infused with normal
saline (0.006 mllmin for 10 mm) instead of angiotensin. During
the infusion period, the arteries along the surface of the small
intestine were observed through the abdominal "window" with
a dissecting microscope. Selected vessels were photographed
with a camera (Nikon, Garden City, New York) using a 3x
medical lens (Nikkor, Nikon).
After a 10-mm infusion of angiotensin or saline, the left renal
vein was punctured; immediate perfusion-fixation was begun
through the aortic catheter with 1.5% glutaraldehyde in 0.1 M
phosphate buffer at room temperature using a pump (Master-
flex, Cole-Parmer Instrument Company, Chicago, Illinois). The
glutaraldehyde was perfused for approximately 10 mm, at the
same pressure recorded in life during angiotensin or saline
saline treatment by observing the physiograph tracing from the
carotid artery.
Batson's no. 17 casting resin (Polysciences) was prepared in a
cold vial using the proportions of 4:1:0.1 for monomer, catalyst,
and promoter, respectively, with a small amount of red pigment
added. The resin was injected through the same aortic catheter
used for perfusion of fixative, at a pressure identical to that used
for perfusion, by connecting a pressure gauge to the injection
apparatus. The resin was allowed to polymerize and harden for
30 mm, during which the abdominal contents were immersed in
1.5% glutaraldehyde fixative to prevent tissue drying. Vessels
that had been photographed in vivo were re-photographed after
casting material was injected.
The intestine and both kidneys were removed and placed in a
beaker of warm (60°C) water for 2 hr, followed by overnight
digestion of the tissue in warm 40% potassium hydroxide. The
vascular casts from intestine and kidneys were rinsed thorough-
ly in distilled water, air-dried, and mounted on copper tape on
aluminum stubs. The casts were then coated with gold-palladi-
um for 1.5 mm at 1.0 mvolts in a sputter coater (Technics,
Alexandria, Virginia), and were examined in a JEOL JSM-35
scanning electron microscope at an accelerating voltage of 15
kV.
Comparison of intrarenal and intestinal arteries (vascular
casts, light and transmission electron microscopy,
permeability studies)
A second set of ten male Wistar rats, 200 to 220 g was used;
five rats received angiotensin infusions and five served as
control subjects.
All animals were anesthetized with sodium pentobarbital, 40
mg/kg body wt i.p., and were given maintenance doses when
needed. Arterial pressure was recorded continuously from the
right carotid artery. A lower abdominal incision was made so
that the intestine and upper abdominal contents remained
undisturbed; the abdominal aorta was then catheterized as
described earlier. Subsequently, native anionic ferritin (Sigma
Type I, Sigma Chemical Co., St. Louis, Missouri) was injected
into the right jugular vein (25 mgIlOO g body wt), over a 5-mm
period as a tracer for vascular permeability. Angiotensin II
(dissolved in normal saline, 0.33 g/ml) was then infused into
the left jugular vein at a rate of 0.2 g (0.006 ml)/min for 1 hr in
five rats; the five control rats received a comparable infusion of
normal saline only.
At the end of the 1-hr infusions, the abdominal aorta was
perfused with 1.5% glutaraldehyde for 10 mm at the same
pressure recorded during the treatment period; the arteries
were then injected with Batson's casting resin as described in
the first section of Methods. The left kidney and several
segments of the small intestine were removed and placed
overnight in 1.5% glutaraldehyde to be processed for transmis-
sion electron microscopy. The right kidney and remaining
intestinal tissue were digested in 40% KOH; vascular casts
were prepared for scanning electron microscopy as detailed
earlier.
For transmission electron microscopy, vessels were selected
by observation of the red casting resin in the vessel lumens with
a dissecting microscope. From the intestine, longitudinal arteri-
al sections exhibiting constricted and nonconstricted areas were
excised, Serial cross-sections of the kidney were made (1 to 2
mm in width); longitudinal segments of intrarenal arteries with
clearly visible constricted and nonconstricted zones were re-
moved. All tissue samples were rinsed twice in 0.1 M phosphate
buffer, postfixed in 1% phosphate-buffered osmium tetroxide,
and rapidly dehydrated through graded alcohols. The tissue
samples were then processed through toluene and embedded at
60°C in Araldite; all vessels were embedded longitudinally.
Semi-thin (1 ) sections were cut using a Sorvall ultramicro-
tome and stained with toluidine blue for light microscopic
observation. Thin (—600A) sections were also made, stained
with bismuth subnitrate (to enhance staining of ferritin parti-
cles) and examined in an AEI 801 transmission electron
microscope.
Results
Establishing the validity of the fixation and casting technique
Blood pressures. Prior to angiotensin infusion, average base-
line mean arterial pressures (MAPs), with SE, were 98.5 3.4
mm Hg for the angiotensin-treated animals and 101.6 2.0 mm
Hg for the untreated control rats; these were not significantly
different (Student's t test). Average MAPs for the angiotensin-
treated rats were 158.8 + 3.3 mm Hg during the 10 mm of
angiotensin infusion, while average MAPs for control rats did
not change from baseline levels during saline infusion. The
MAPs were significantly higher (P < 0.01) in the angiotensin-
treated rats than controls during the treatment period.
Observations of arteries before and after fixation. The ves-
sels observed and photographed through the abdominal "win-
dow" were the small arteries coursing along the surface of the
small intestine. In the control animals, the diameter of these
arteries showed gradual tapering from the mesenteric to antime-
senteric borders of the intestine. There were no irregularities in
caliber either before or after saline infusions. Photographs of
selected vessels indicated that there were no apparent changes
in vessel morphology after perfusion-fixation when compared
to that photographed in vivo.
In the hypertensive (angiotensin-treated) rats, the intestinal
arteries showed distinct, alternating zones of constriction and
nonconstriction immediately after the infusion of angiotensin
(Figure lA, C, and E). Continuous observation of selected
vessels indicated that the location of the constricted and
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Fig. 1. A, C, and E Vessels on the surface of
the small intestine photographed during
angiotensin infusion. The small arteries show
alternating zones of constriction and
nonconstnction; veins are unaffected. B, D,
and F Vessels rephoto graphed after perfusion-
fixation and injection of pigmented casting
resin. Regions of constriction and
nonconstriction in the arteries are preserved
exactly as they appeared in vivo. Perfusion
has cleared the veins of blood and they
contain no resin. (A to F, x 27)
nonconstricted zones did not change during the infusion period, with those from animals infused for I hr; casts from both groups
Not all arteries showed this pattern of constriction and noncon- had a similar appearance and are described in the section
striction, however; a few appeared to be uniformly constricted, below.
while others did not show apparent changes in caliber. Photo- . .
Comparison of intrarenal and intestinal arteries (vasculargraphs demonstrated that in those arteries with constricted and
. .
nonconstricted regions, the morphologic pattern was retained casts, light and transmission electron microscopy,
after perfusion-fixation (Figure 1B, D, and F) exactly as it permeability studies)
appeared during life (Figure IA, C, and E). Blood pressures
Vascular casts (scanning electron microscopy). Vascular During the administration of ferritin, there was a transient
casts from this group of rats infused for 10 mm were compared drop in BP but the pre-injection pressure was regained within I
Fig. 2. A Arterial cast from the small intestine
of a control rat. There are no irregularities in
caliber. (x55) B. Surface detail from the
vascular cast in A (site designated by arrow).
Depressions created by endothelial nuclei are
oval-shaped, shallow, and widely spaced.
(x403)
Fig. 3. A Arterial cast from the small intestine
of an angiotensin-treated rat. Distinct zones
of constriction and nonconstriction are visible.
(x55) B Detail from A (site designated by
arrow). The constricted portion of the cast
shows that the indentations of endothelial
nuclei are deeper and more closely spaced
than those in the nonconstricted region.
(x403)
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to 2 mm. Average baseline MAPs (with SE) were 100.9 3.0 Vascular casts (scanning electron microscopy)
mm Hg for the angiotensin-treated animals and 102.0 1.7 mm
Hg for the control animals. There was no significant difference
between the groups. During angiotensin infusion, average
MAPs were 160.3 2.3 mm Hg in the angiotensin-treated rats;
average MAPs for the control rats during saline infusion were
the same as baseline values. The angiotensin-treated rats had
significantly higher MAPs than control rats (P <0.01) during
the treatment period.
Intestinal arteries. In control rats, the arterial casts did not
exhibit irregularities in caliber but showed a gradual tapering in
diameter (Fig. 2A). On the surface of the casts were numerous
shallow, oval-shaped depressions created by endothelial cell
nuclei (Fig. 2B). These depressions or indentations were spaced
widely and were oriented longitudinally along the axis of the
vessel.
--WI
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Fig. 4. A Portion of an arterial cast from the kidney of a control rat. The largest vessel is an interlobar artery, from which arcuate arteries arise at
intervals; no caliber irregularities are seen in these larger vessels. (x 80) B Portion of an arterial cast from the kidney of an angiotensin-treated rat.
The largest vessel is an interlobar artery, which displays several constricted portions contrasting with unconstricted regions. One of the arduate
arteries arising from the interlobar vessel also shows a prominent constriction (double arrow). Many of the interlobular arteries show distinct zones
of constriction and nonconstriction (single arrows) while others do not. (x80)
In angiotensin-treated rats, constricted and nonconstricted characteristic changes in the cast surface: In constricted zones,
zones were observed clearly in the arterial casts (Fig. 3A) in endothelial nuclear indentations were deeply furrowed and
animals infused for either 10 mm or 1 hr. There were also closely spaced, while in nonconstricted regions, these were
Fig. S. A Cast of an interlobular artery and
arteriole from the kidney of a control rat.
There are no caliber irregularities in either the
artery or arteriole. Oval-shaped depressions of
endothelial nuclei are shallow and widely-
spaced in the artery. (x 1404) B Cast of an
interlobular artery and arteriole from the
kidney of an angiotensin-treated rat. In the
artery, a zone of nonconstriction is clearly
demarcated from adjacent constricted regions,
which show deeply furrowed, densely packed
indentations of endothelial nuclei. The
arteriole branches from the nonconstricted
region and does not exhibit caliber
irregularities. (x1404) C Cast of an
interlobular artery from the kidney of an
angiotensin-treated rat, showing a constricted
and nonconstricted zone. In contrast to Figure
SB, there is no arteriolar branching from the
nonconstricted zone. (x 1404)
Intrarenal arteries in acute hypertension 497
more widely spaced and shallow (Fig. 311). We noted during in
vivo observations that some arteries did not have any apparent
constricted and nonconstricted regions, while a few seemed
uniformly constricted; these observations were reflected in the
arterial casts.
Intrarenal arteries. In describing the intrarenal arteries, we
adopted the accepted convention of calling the largest branches
"interlobar" arteries although, strictly speaking, this is a mis-
nomer because the rat kidney has only a single lobe [7].
Renal vascular casts from the saline-treated control animals
showed a structural pattern in which the interlobar arteries gave
rise to gently curving arcuate arteries, from which the interlobu-
lar arteries arose and made their way to the outer cortex. Most
afferent arterioles arose from the interlobular arteries, although
some originated directly from arcuate arteries [7]. There was a
gradual reduction in vessel diameter from interlobar to arcuate
to interlobular to arteriolar levels; no caliber irregularities such
as focal constrictions were observed at low (Fig. 4A) or high
(Fig. 5A) magnification. Surface indentations caused by endo-
thelial nuclei were oval, shallow, and widely spaced in arteries
of all sizes; these indentations became less prominent as vessel
diameter decreased.
Casts from angiotensin-treated rats (Fig. 4B, 5B, and C)
revealed distinct and often striking zones of constriction and
nonconstriction in a large number of intrarenal arteries, al-
though some vessels showed a more uniform constriction (with
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Fig. 6. A Longitudinal section of interlobular artery from the kidney of a
control rat. The vessel wall has a single layer of medial smooth muscle
cells which are intact and show no signs of rarefaction. The caliber of
the lumen is uniform. (Plastic embedded, stained with toluidine blue,
x91 1) B Longitudinal section of an interlobular artery from the kidney
of an angiotensin-treated rat. The section includes both a nonconstrict-
ed and a constricted region. In the nonconstricted portion, individual
smooth muscle cells are rarefied (arrows); these changes do not occur in
the constricted zone. (Plastic embedded, stained with toluidine blue,
x9ll)
deep, closely spaced endothelial cell indentations) or no irregu-
larities in caliber (with shallow, normally spaced indentations).
The casts had a similar appearance regardless of whether
angiotensin was infused for 10 mm or 1 hr. Most of the
interlobar arteries showed dramatic irregularities in caliber,
with clearly demarcated constricted and nonconstricted zones
as illustrated in Figure 4B. Of 18 interlobar arteries examined,
14 (77.8%) exhibited distinct zones of constriction and noncon-
striction, 2(11.1%) showed uniform constriction, and 2(11.1%)
did not show an apparent change in caliber. Arcuate arteries
also showed a pattern of constriction and nonconstriction (Fig.
4B) but less commonly; 10 (14.5%) of 69 had constricted and
nonconstricted zones, while 22 (31.9%) appeared uniformly
constricted and 37 (53.6%) showed no apparent change. A large
number of interlobular arteries had distinct zones of constric-
tion and nonconstriction (Figs. 4B, 5B, and C); these zones
were found in 162 (77.2%) of 210 interlobular vessels studied.
Zones of nonconstriction occurred most commonly at points
where an arteriole branched from the interlobular artery (Fig.
SB) but could also be seen at nonbranching sites (Fig. SC). Of
the interlobular arteries examined, 24 (11.4%) appeared uni-
formly constricted, and 24 (11.4%) had no visible caliber
irregularities. Preglomerular arterioles only occasionally mani-
fested regions of focal constriction alternating with nonconstric-
tion; these were observed in only 35 (12.4%) of 281 arterioles
examined. In 23 arterioles (8.2%) there was uniform constric-
tion, while 233 (79.4%) showed no apparent change in caliber.
Filling of the glomerular capillaries and postglomerular arteri-
oles by casting resin was usually incomplete, so these vessels
could not be accurately assessed for changes induced by
angiotensin infusion.
Light and transmission electron microscopy, permeability
studies
Intestinal arteries. Arteries from control rats revealed the
typical ultrastructural features previously described [5]. In
animals injected with ferritin, there was no evidence of penetra-
tion of ferritin particles into the spaces between endothelial
cells, subendothelial region, or media.
In angiotensin-treated animals, there were clear morphologic
differences between nonconstricted and constricted regions,
which we [8] and other investigators [1—6] have described
previously. In the nonconstricted regions, focal sites of smooth
muscle rarefaction were evident in the media, identical to those
seen in certain renal arteries (see description below). These
rarefied smooth muscle cells were characterized by the absence
of intracellular structures, sometimes accompanied by loss of
sarcolemma. In rats injected with ferritin as a tracer for
permeability, there was often penetration of ferritin into the
media at sites of smooth muscle rarefaction; however, ferritin
was never found at sites without these smooth muscle changes.
Smooth muscle rarefaction and permeation of ferritin were
observed only in the nonconstricted zones; constricted regions
displayed none of these changes. As noted previously, some
arteries did not have obvious constricted and nonconstricted
zones; examination of a limited number of these vessels did not
reveal smooth muscle changes or penetration of ferritin.
Intrarenal arteries. In arteries from control animals, charac-
teristic morphologic features were evident according to the size
of the vessel examined. Interlobar and arcuate arteries had
several layers of smooth muscle in the media and a thick,
continuous internal elastic lamina. Interlobular arteries con-
tained one to two smooth muscle layers with a thinner elastic
lamina, while the arterioles had a single layer of smooth muscle
cells with no elastic layer in their more distal parts. Figure 6A
illustrates the morphologic features in a typical normal inter-
lobular artery. No ultrastructural abnormalities were noted in
the large or small arteries or arterioles. In animals receiving
ferritin injections, there was no evidence of ferritin penetration
into any portion of the vessel wall.
In angiotensin-treated rats, longitudinal sections were specifi-
cally selected to include regions of visible constriction and
nonconstriction. In interlobar arteries, occasional focal or iso-
lated rarefaction of medial smooth muscle cells was observed in
nonconstricted regions; no such rarefaction was seen in con-
stricted zones. There was no evidence of ferritin penetration in
either nonconstricted or constricted portions of these vessels.
Arcuate arteries likewise showed infrequent smooth muscle
rarefaction in nonconstricted zones, but there was no evidence
of intramural penetration of ferntin in any portion of these
vessels. Interlobular arteries, however, were found to have
distinctive changes in the nonconstricted—as opposed to con-
a
-
•
Ø
4 
: 
Uf
l 
.
&Y
i 
#$
 
r 
r 
Intrarenal arteries in acute hypertension 499
Fig. 7. A Low-power electron micrograph of a
longitudinal section from an interlobular
artery of an angiotensin-treated animal,
showing the transition from a nonconstricted
to a constricted region. In the nonconstricted
portion, a medial smooth muscle cell (arrows)
shows the loss of sarcolemma and internal
structure, a change not seen in muscle cells in
the constricted zone. The L represents the
lumen. (Bismuth subnitrate stain, x2050) B
Enlargement of the site designated by arrows
in A (nonconstricted region). In the media,
there is visible loss of the sarcolemma and
intracellular structures in the smooth muscle
cell, attended by the diffuse penetration of
small, darkly stained ferritin particles. The L
represents the lumen. (Bismuth subnitrate
stain, x13,l20)
stricted—regions. Nonconstricted zones often contained mdi- structures or sarcolemma, and often showed diffuse penetration
vidually rarefied smooth muscle cells in the media, as was of ferritin particles (Fig. 711). Neither ferritin penetration nor
evident under the light microscope (Fig. 6B); these cellular smooth muscle rarefaction was found in the constricted zones
changes were never found in constricted regions. Transmission of interlobular arteries, however. Preglomerular arterioles
electron microscopy (Figs. 7A and B) indicated that these showed no evidence of damage to medial smooth muscle cells
rarefied smooth muscle cells no longer had intact intracellular or permeation of ferritin; well-defined zones of constriction and
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nonconstriction were rarely observed in the arterioles. Larger
vessels without obvious constricted and nonconstricted zones
also did not show permeability or smooth muscle changes.
Discussion
In the kidney, vascular changes that occur during angioten-
sin-induced acute hypertension have been difficult to assess
because the vessels are not readily observable in vivo. In
previous studies, physiologists have attempted to determine the
effects of angiotensin II on intrarenal hemodynamics using
techniques such as radioactive gas washout, autoradiography,
and so forth [9—14]. These methods do not, however, provide a
view of how or where functional changes occur within individ-
ual vessels. The present study describes a technique by which
the intrarenal arteries are rapidly perfusion-fixed and then
injected with casting resin to examine the morphologic effects
of angiotensin infusion on individual arteries.
Vascular casts of the kidney have been used for a variety of
reasons. Most commonly, the casts have been used to deter-
mine the structural and anatomic relationships of the intrarenal
vessels [7, 15—16]. Casts have also been examined to compare
vessel diameters in chronically hypertensive and nonhyperten-
sive animals [17]. Rarely, however, has the casting technique
been used to assess acute changes occurring in the intrarenal
vessels; one previous study of renal vascular casts did not show
any acute effects of norepinephrine injection, although it should
be noted that the vessels were not fixed before the injection of
casting resin [18].
To determine whether perfusion-fixation and casting is a
valid technique for assessing acute vascular changes, we ob-
served and compared vessels both in vivo and after fixation to
ensure that the changes seen in life were faithfully preserved
postmortem. To accomplish this, the readily accessible small
arteries of the intestine were used. As the photographs of these
vessels indicate (Figs. lA to E), we were able to establish that
the pattern of constriction and nonconstriction was retained
after fixation and casting exactly as it appeared in life.
Having established that the casting technique provided a
valid representation of the status of vessels during life, we
examined casts of the intrarenal and intestinal arteries to
observe the effects of angiotensin infusion. Casts from the
angiotensin-treated animals revealed that caliber irregularities
do indeed occur in intrarenal arteries, similar to those observed
in the intestinal arteries. Well-demarcated regions of constric-
tion and nonconstriction were apparent in many of the interlo-
bar and arcuate arteries (Fig. 4B) as well as the interlobular
(Figs. 4B and 5B and C) arteries but less commonly in the
arterioles. This was not, however, a universal phenomenon (as
was also noted in the intestinal arteries); not all of the intrarenal
vessels exhibited the pattern of constriction and nonconstric-
tion but appeared to be either uniformly constricted or of
normal caliber.
The casting technique also aided in selecting vascular tissue
for light and transmission electron microscopy, especially in the
kidney, providing greater control over vessel orientation. A
past difficulty has been that of clearly distinguishing constricted
from nonconstricted segments in tissue sections. The pigment
in the casts allowed the vessels to be readily seen in renal tissue
sections under the dissecting microscope, permitting selective
removal of longitudinal vessel segments with obvious constrict-
ed and nonconstricted zones. Sections from interlobular arter-
ies revealed that nonconstricted regions contained focal intra-
mural deposits of ferritin (Fig. 7B) as well as rarefied, presum-
ably injured, muscle cells (Fig. 6B). Intramural ferritin deposits
and smooth muscle rarefaction were found only in the noncon-
stricted—never in constricted—regions of the interlobular ar-
teries. Ferritin deposits were not found in the arterioles, arcuate
arteries, or interlobar arteries, however.
By means of the perfusion-fixation and casting technique,
this study has demonstrated a remarkable similarity in the
effects of angiotensin-induced hypertension on certain intrare-
nal arteries, especially the interlobular arteries, and the small
arteries of the intestine, Both interlobular and intestinal arteries
showed alternating zones of constriction and nonconstriction.
Casts of both types of arteries showed similar surface patterns:
In the constricted zones, endothelial nuclear indentations were
deep and closely spaced, while those in nonconstricted zones
were less furrowed and more widely separated. Irregularities in
caliber were not universal in either interlobular or intestinal
arteries; some vessels appeared either uniformly constricted or
nonconstricted. In both types of vessels only the nonconstrict-
ed segments, never the constricted regions, became abnormally
permeable to tracer particles (ferritin) and showed medial
smooth muscle changes.
To our knowledge, this study provides new evidence about
the pathogenesis of the vascular lesions associated with severe
("malignant") hypertension in the kidney. These vascular
lesions, often called "fibrinoid necrosis," are thought to result
from the permeation or seepage of plasma proteins, including
fibrin precursors, into arterial walls, specifically in noncon-
stricted zones. The associated smooth muscle damage, occur-
ring in nonconstricted zones, may be caused directly by the
abnormal seepage of plasma components into the vessel wall or,
alternatively, may be caused by excessive distension of the
vessel wall, with the loss of smooth muscle integrity then
allowing plasma to penetrate the wall [19—20]. These concepts
have been based largely on experimental observations of intes-
tinal arteries during acute hypertension [1—6]. Until now, how-
ever, there has been no strong evidence that the caliber
irregularities and permeability changes described in the intesti-
nal arteries occur in intrarenal vessels. Preliminary evidence
was provided by an angiographic study of transplanted kidney
tissue in rabbit ear chambers, in which it was shown that
infusion of angiotensin II produced a pattern of constriction and
nonconstriction in the interlobular arteries [21]. Further sugges-
tive evidence was provided by Hill and Heptinstall [22], who
reported that in DOCA-treated rats with chronic hypertension,
fibrinoid arterial lesions in the kidney were typically associated
with nonconstricted regions. The present study confirms these
earlier reports in a more direct fashion, demonstrating that
zones of constriction and nonconstriction do in fact occur in the
intrarenal arteries and that the nonconstricted regions of the
smaller vessels become unduly permeable to tracer particles
(ferritin). Despite the permeability changes, fibrin itself was not
observed in the vessel walls in nonconstricted zones, presum-
ably because the duration of hypertension was too short, as we
have previously shown [8].
In summary, the study has shown that in the kidney, as in the
intestine, acute hypertensive vascular lesions are associated
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with changes in permeability occurring specifically in noncon-
stricted but not in constricted zones of small arteries. Some
points remain to be clarified, however. For example, while
previous studies have shown that fibrinoid vascular lesions
occur in both interlobular arteries and arterioles in severely
hypertensive animals [23], our findings indicate that regions of
nonconstriction and abnormal permeability occur primarily in
the interlobular arteries, not the arterioles. It also remains
unclear why the nonconstricted zones of larger intrarenal
vessels such as interlobar and arcuate arteries do not manifest
the permeability changes noted in the interlobular arteries. Yet
another uncertainty is whether the locations of the constricted
and nonconstricted zones of the intrarenal arteries remain
stable and unvarying in life, as has been observed in the
intestinal [1—2] and cerebral arteries [24]. We have observed the
constancy of the location of constricted and nonconstricted
zones in intestinal arteries during acute hypertension in many
rats, and considering all the similarities between the intestinal
and intrarenal arteries described in this paper feel that there is a
high probability of the constancy of the zones in the renal
circulation.
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